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@  Thermoplastic  resin  compositions. 

Thermoplastic  resin  compositions  which  comprise 
20-70  parts  by  weight  of  a  polyvinyl  chloride  resin  and 
80-30  parts  by  weight  of  a  mixed  composition  of  the  follow- 
ing  copolymers  (A)  and  (B)  in  the  following  ratio: 

(A)  90-50%  by  weight  of  a  copolymer  which  com- 
prises  65-90  parts  by  weight  of  a-methylstyrene  with  35-10 
parts  by  weight  of  acrylonitrile  and  0-5  parts  by  weight  of  at 
least  one  copolymerizable  vinyl  monomer  and  contains 
30  parts  by  weight  or  more  of  a  component  having  an  a- 
methylstyrene  content  of  82%  by  weight  or  higher;  and 

(B)  10-50%  by  weight  of  a  graft  copolymer  obtained 
by  reacting  35-80%  by  weight  of  a  conjugated  diene  rubber 
and  65-20%  by  weight  of  a  monomer  comprising  an  aro- 
matic  monovinyl  compound,  an  unsaturated  nitrile  com- 
pound  or  an  alkyl  methacrylate. 

These  compositions  have  greatly  improved  heat  resis- 
tance,  especially  resistance  to  heat  distortion,  and  impact 
resistance  over  those  of  polyvinyl  chloride  resins. 



BACKGROUND  OF  THE  I N V E N T I O N  

BACKGROUND  OF  THE  I N V E N T I O N  

1 .   F i e l d   o f   t h e  I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   t o   t h e r m o p l a s t i c   r e s i n   c o m p o s i t i o n s  

h a v i n g   g o o d   h e a t   r e s i s t a n c e   o r  a   c o m b i n a t i o n   o f   g o o d   h e a t   r e -  

s i s t a n c e   and   i m p a c t   r e s i s t a n c e .  M o r e   p a r t i c u a l r l y ,  i t   r e l a t e s  

t o   r e s i n   c o m p o s i t i o n s   w h i c h  c o m p r i s e   a  p o l y v i n y l   c h l o r i d e   r e s i n  

and   a  m i x t u r e   of   a  c o p o l y m e r   (A)  c o n t a i n i n g   @ - m e t h y l s t y r e n e   a s  

a  m a i n   c o m p o n e n t   and  a  g r a f t   c o p o l y m e r   r(B)  o b t a i n e d   by  g r a f t  

p o l y m e r i z a t i o n   of   a  c o n j u g a t e d   d i e n e   r u b b e r   w i t h   an  a r o m a t i c  

. v i n y l   c o m p o u n d   a n d  a n   u n s a t u r a t e d   n i t r i l e   c o m p o u n d   o r  a n   a l k y l  

m e t h a c r y l a t e ,   a n d   i t   r e l a t e s  t o   t h e r m o p l a s t i c   r e s i n   c o m p o -  

s i t i o n s   h a v i n g   g r e a t l y   i m p r o v e d   r e s i s t a n c e   to   h e a t   d i s t o r t i o n  

and   i m p a c t   r e s i s t a n c e   o v e r   t h o s e   o f   p o l y v i n y l   c h l o r i d e   r e s i n s .  

2 .   D e s c r i p t i o n   o f   t h e  P r i o r   A r t  

P o l y v i n y l   c h l o r i d e   r e s i n s   h a v e   e x c e l l e n t   m e c h a n i c a l   c h a r a c -  

t e r i s t i c s   and   e l e c t r i c a l   c h a r a c t e r i s t i c s   a n d  p o s s e s s   c h a r a c t e r i s -  

t i c   p h y s i c a l   p r o p e r t i e s   s u c h   as   t r a n s p a r e n c y ,   f l a m e   r e t a r d a t i o n ,  

e t c . , a s  w e l l   as   v e r s a t i l e   w o r k i n g   c h a r a c t e r i s t i c s ,   a n d   t h u s   t h e y  

.  a r e   e x t e n s i v e l y   e m p l o y e d   as   u s e f u l   p l a s t i c   m a t e r i a l s   i n   v a r i o u s  

f i e l d s   o f   a p p l i c a t i o n s .   H o w e v e r ,   t h e   r e s i n s  o f   t h i s   t y p e   h a v e   a  

t h e r m a l   d i s t o r t i o n   t e m p e r a t u r e   o f   6 5  -   7 0 ° C ,   and   t h e r e f o r e  

t h e i r   u s e   i s   l i m i t e d   w h e r e   t h e   a r t i c l e s   a r e   s u b j e c t e d   t o   h i g h  

t e m p e r a t u r e   e n v i r o n m e n t s ,   f o r   e x a m p l e ,   p i p e s   f o r   h o t   w a t e r ,  



a u t o m o b i l e   i n t e r i o r   p a r t s   e t c .   w h e r e   t h e   i n d o o r   t e m p e r a t u r e  

may  b e c o m e   v e r y   h i g h .  

H e r e t o f o r e ,   t h e r e   h a v e   b e e n   p r o v i d e d   v a r i o u s   m e t h o d s   t o  

o v e r c o m e   t h i s   d i s a d v a n t a g e   of  t h e   p o l y v i n y l   c h l o r i d e   r e s i n s ,  

e . g . ,   t h o s e   i n v o l v i n g   i n c o r p o r a t i n g   an  AS  ( a c r y l o n i t r i l e  -  

s t y r e n e )   r e s i n ,   an  ABS  ( a c r y l o n i t r i l e  -   b u t a d i e n e  -   s t y r e n e )  

r e s i n   and  an  MBS  ( m e t h y l   m e t h a c r y l a t e  -   b u t a d i e n e  -   s t y r e n e )  

r e s i n ,   r e s p e c t i v e l y ,   to   p o l y v i n y l   c h l o r i d e   r e s i n s .   T h e r e   h a s  

a l s o   b e e n   p r o p o s e d   a  m e t h o d   w h i c h   c o m p r i s e s   i n t r o d u c i n g   @ - m e t h y l -  

s t y r e n e   m o n o m e r   as   one   c o m p o n e n t   of   t h e s e   r e s i n s   in  o r d e r   t o  

f u r t h e r   e n h a n c e   t h e   e f f e c t   of  improv ing   h e a t   r e s i s t a n c e .   F o r  

e x a m p l e ,   J a p a n e s e   P a t e n t   P u b l i c a t i o n   N o .  2 4 8 6 7 / 1 9 7 0   d e s c r i b e s  

how  a  c o m p o s i t i o n   h a v i n g   h i g h   h e a t   r e s i s t a n c e   i s   o b t a i n e d   b y  

b l e n d i n g   a  p o l y v i n y l   c h l o r i d e   r e s i n   w i t h   a  c o p o l y m e r   of   m e t h y l  

m e t h a c r y l a t e ,   a c r y l o n i t r i l e ,   s t y r e n e   and  @ - m e t h y l s t y r e n e   and  a  

b u t a d i e n e   c o n t a i n i n g   p o l y m e r .   H o w e v e r ,   t h e   a m o u n t   of   @ - m e t h y l -  

s t y r e n e   in  t h e  c o p o l y m e r   i s   a t   b e s t   m e r e l y   45%  by  w e i g h t   a n d  

h e a t   r e s i s t a n c e   i s   n o t  a d e q u a t e .   F u r t h e r ,   J a p a n e s e   P a t e n t  

P u b l i c a t i o n   No.  1 8 1 0 1 / 1 9 7 3   d e s c r i b e s   a  m e t h o d   w h i c h   c o m p r i s e s  

i n c o r p o r a t i n g   a  r e s i n   (A),  o b t a i n e d   by  c o p o l y m e r i z i n g   a  m o n o m e r  

m i x t u r e   c o n s i s t i n g   of   5  -   50%  of   m e t h y l   m e t h a c r y l a t e ,   3  -   30% 

of   a c r y l o n i t r i l e   and  3 6  -   80%  o f   @ - m e t h y l s t y r e n e   t o g e t h e r   w i t h  

a  b u t a d i e n e   c o n t a i n i n g   g r a f t   p o l y m e r ,  i n t o   a  p o l y v i n y l   c h l o r i d e  

r e s i n .   H o w e v e r ,   i t   can   be  e s t i m a t e d   f r o m   t h e   r e a c t i v i t y   on  c o -  

p o l y m e r i z a t i o n   t h a t   by  t h i s   m e t h o d   i t   i s   p r a c t i c a l l y   i m p o s s i b l e  

to   make   t h e  @ - m e t h y l s t y r e n e   c o n t e n t   in  t h i s   c o p o l y m e r   (A)  70% 

by  w e i g h t   or   h i g h e r   e v e n   l o c a l l y .  



t h e  
We  h a v e   d i s c o v e r e d   t h a t / h i g h   h e a t   r e s i s t a n c e   w h i c h   h a s  

n o t   b e e n   a c h i e v e d   in  t h e   a b o v e - d e s c r i b e d   p r i o r   a r t   t e c h n i q u e s  

c a n   be  o b t a i n e d   by  i n c o r p o r a t i n g   a  c o p o l y m e r   (A),  w h i c h   i s   a  

c o p o l y m e r   c o m p r i s i n g   6 5  -   90  p a r t s   by  w e i g h t   o f   @ - m e t h y l s t y r e n e  

w i t h   3 5  -   10  p a r t s   by  w e i g h t   of   a c r y l o n i t r i l e   and   0  -   5  p a r t s  
a n d  

by  w e i g h t   of  a t   l e a s t   one   c o p o l y m e r i z a b l e  v i n y l   m o n o m e r / c o n t a i n i n g  

30  p a r t s   by  w e i g h t   or  more   of   a  c o m p o n e n t   h a v i n g   an  @ - m e t h y l -  

s t y r e n e   c o n t e n t   o f   82%  by  w e i g h t  o r   h i g h e r ,   a n d  a   g r a f t   c o p o l y -  

mer   (B)  o b t a i n e d   by  r e a c t i n g   3 5  -   80%  by  w e i g h t   of   a  c o n j u g a t e d  

d i e n e   r u b b e r   w i t h   6 5  -   20%  by  w e i g h t   of   a  m o n o m e r   c o m p r i s i n g   a n  

a r o m a t i c   m o n o v i n y l   c o m p o u n d   and   an  u n s a t u r a t e d   n i t r i l e   c o m p o u n d  

o r   an  a l k y l   m e t h a c r y l a t e , i n t o   a  p o l y v i n y l   c h l o r i d e   r e s i n ,  

and   t h u s   a c c o m p l i s h e d   t h i s   i n v e n t i o n .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   t h i s   i n v e n t i o n   p r o v i d e s   a  t h e r m o p l a s t i c  

r e s i n   c o m p o s i t i o n   w h i c h   c o m p r i s e s   2 0  -   70  p a r t s   by  w e i g h t   o f  

a  p o l y v i n y l   c h l o r i d e   r e s i n   and  8 0  -   30  p a r t s   by  w e i g h t   of   a  

m i x e d   c o m p o s i t i o n   of   t h e   f o l l o w i n g   c o p o l y m e r s   (A)  and  (B)  i n  

t h e   f o l l o w i n g   m i x i n g   r a t i o :  

(A)  9 0  -   50%  by  w e i g h t   o f   a  c o p o l y m e r   w h i c h   c o m p r i s e s  

6 5  -   90  p a r t s   by  w e i g h t   o f  @ - m e t h y l s t y r e n e   w i t h   3 5  -   1 0  

p a r t s   by  w e i g h t   of   a c r y l o n i t r i l e   and  0  -   5  p a r t s   by  w e i g h t  

of   a t   l e a s t   one  c o p o l y m e r i z a b l e   v i n y l m o n o m e r   and  contains 30 parts 

by  w e i g h t   or  more   of  a  c o m p o n e n t   h a v i n g   a n  @ - m e t h y l s t y r e n e  

c o n t e n t   of   82%  by  w e i g h t   or  h i g h e r ;   a n d  

(B)  1 0  -   50%  by  w e i g h t   of   a  g r a f t   c o p o l y m e r   o b t a i n e d   b y  

r e a c t i n g   3 5  -   80%  by  w e i g h t   of   a  c o n j u g a t e d   d i e n e   r u b b e r  .  



and  6 5  -   20%  by  w e i g h t   o f   a  m o n o m e r   or   m o n o m e r s   c o m p r i s i n g   a n  

a r o m a t i c   monovinyl   c o m p o u n d ,   an  u n s a t u r a t e d   n i t r i l e   c o m p o u n d  

or   an  a l k y l   m e t h a c r y l a t e .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

One  c o m p o n e n t   o f   t h e   c o m p o s i t i o n s  o f   t h i s   i n v e n t i o n   i s   a n  

@ - m e t h y l s t y r e n e   c o n t a i n i n g   c o p o l y m e r   (A) .   S a i d   c o p o l y m e r   i s  

u s e d   t o   i m p a r t   h e a t   r e s i s t a n c e   to   t h e   i n t e n d e d   c o m p o s i t i o n  

and   may  be  o b t a i n e d   as   f o l l o w s :   @ - M e t h y l s t y r e n e   m o n o m e r  

i s   f i r s t   c h a n g e d   i n t o   a  r e a c t i o n   s y s t e m   f o r   e m u l s i o n   p o l y m e r i z a -  

t i o n   a n d ,   a f t e r   m a k i n g   t h e   s y s t e m   f u l l y   e m u l s i f i e d ,   a c r y l o n i t r i l e  

i s   c o n t i n u o u s l y   a d d e d   d r o p w i s e   w i t h   a  v e r y   s m a l l   a m o u n t   e a c h   t i m e ,  

w h i l e   in   t h e   p o l y m e r i z a t i o n   s y s t e m   t h e   p r o p o r t i o n   o f   t h e   @ - m e t h y l -  

s t y r e n e   m o n o m e r   and   t h e   a c r y l o n i t i r l e   m o n o m e r   i s   a l w a y s   m a i n t a i n - .  

ed  a t   s u c h   g r e a t   e x c e s s   of  @ - m e t h y l s t y r e n e  a s   a  w e i g h t   r a t i o   o f  

9 0 / 1 0   or   h i g h e r ,   m o r e   p r e f e r a b l y   9 5 / 5   or  h i g h e r .   T h e r e b y   t h e  

d e s i r e d   c o p o l y m e r   i s   o b t a i n e d .   In  t h i s   c a s e . ,   @ - m e t h y l s t y r e n e  

to   be  c h a r g e d   f i r s t   i s   a t   l e a s t   65  p a r t s   by  w e i g h t   and   up  to   9 0  

p a r t s  b y   w e i g h t .   W i t h  a n   a m o u n t   of   l e s s   t h a n   65  p a r t s   by  w e i g h t ,  

t h e  e f f e c t   i s   i n a d e q u a t e   f o r   i m p r o v i n g   h e a t   r e s i s t a n c e ,  w h i l e   w i t h  

an  a m o u n t   of   m o r e   t h a n   90  p a r t s   by  w e i g h t ,   c o m p a t i b i l i t y   w i t h  

p o l y v i n y l   c h l o r i d e   r e s i n s   i s  l o w e r e d .   The  a m o u n t   of   a c r y l o n i t r i l e  

to   be  a d d e d   d r o p w i s e   c o n t i n u o u s l y   i s   a t   l e a s t   10  p a r t s   by  w e i g h t  

and  up  t o   35  p a r t s   b y   w e i g h t .   W i t h   an  a m o u n t   of   l e s s   t h a n   1 0  

p a r t s   by  w e i g h t ,   t h e   p e r c e n t  c o n v e r s i o n   t o   p o l y m e r   i s  

r e d u c e d ,   w h i l e   w i t h   an  a m o u n t   of   more   t h a n   35  p a r t s   by  w e i g h t ,  

t h e   r e s u l t i n g   c o p o l y m e r   t e n d s   to   c o l o r   on  h e a t i n g   and  a l s o  

b r i n g s   a b o u t   c o l o r a t i o n  w h e n   m i x e d   w i t h   a  p o l y v i n y l   c h l o r i d e  



r e s i n .   T h e  @ - m e t h y l s t y r e n e   m o n o m e r   to   be  c h a r g e d   f i r s t   m a y  

c o n t a i n   up  to   10%  by  w e i g h t   b a s e d   on  t h e   @ - m e t h y l s t y r e n e   m o n o m e r  

of  an  u n s a t u r a t e d   n i t r i l e   c o m p o u n d ,   l o w e r   a l k y l   e s t e r s   of   m e t h a c y l i c ,  
a c i d  

and  a c r y l i c   a c i d   and  t h e . l i k e .   The  a c r y l o n i t r i l e   m o n o m e r   to   b e  

c o n t i n u o u s l y   a d d e d   d r o p w i s e   may  c o n t a i n   up  to   15%  by  w e i g h t   b a s e d  

on  t h e   a c r y l o n i t r i l e   monomer   of   an  a r o m a t i c  m o n o v i n y l   c o m p o u n d ,  

an  @ - s u b s t i t u t e d   t y p e   m o n o v i n y l   a r o m a t i c   c o m p o u n d ,   l o w e r   a l k y l  

e s t e r s   o f   m e t h a c r y l i c   a c i d   and  a c r y l i c   a c i d   and  t h e   l i k e .   As  a  

t h i r d   c o m p o n e n t   o t h e r   t h a n  @ - m e t h y l s t y r e n e  a n d   a c r y l o n i t r i l e ,  

i t   i s   p o s s i b l e   to   e m p l o y   up  t o   5  p a r t s   by  w e i g h t   of   t h e   a b o v e -  

m e n t i o n e d   v i n y l   m o n o m e r   s u b s t a n t i a l l y   w i t h o u t   a d v e r s e l y   a f f e c t i n g  

h e a t   r e s i s t a n c e   or   i m p a c t   r e s i s t a n c e ,   b u t   when  i t   i s   i n c o r p o r a t e d  

in  an  a m o u n t   b e y o n d   t h e   a b o v e   r a n g e ,   t h e   h e a t   r e s i s t a n c e   o f   t h e  

r e s u l t i n g   c o p o l y m e r   i s   l o w e r e d  .   T h e r e f o r e ,   t h i s   is   not   d e s i r a b l e .  

A n o t h e r   c o m p o n e n t   of  t h e   c o m p o s i t i o n s   a c c o r d i n g   t o   t h i s   i n -  

v e n t i o n   i s   a  g r a f t   c o p o l y m e r   (B)  u t i l i z i n g   a  c o n j u g a t e d   d i e n e  

r u b b e r .   S a i d   c o p o l y m e r   i s   e m p l o y e d   t o  i m p a r t   i m p a c t   r e s i s t a n c e  

to   t h e   s u b j e c t   c o m p o s i t i o n .   The  c o m p o s i t i o n   o f   s a i d   c o p o l y m e r  

i s   s u c h   t h a t   t h e   c o n j u g a t e d   d i e n e   r u b b e r   c o m p r i s e s   3 5  -   80%  b y  

w e i g h t   and  t h e   t o t a l   of   t h e   a r o m a t i c   m o n o v i n y l  c o m p o u n d   and   t h e  

u n s a t u r a t e d   n i t r i l e   c o m p o u n d   o r   t h e   a l k y l   m e t h a c r y l a t e   c o m p r i s e s  

6 5  -   20%  by  w e i g h t ,   and   i t   i s   p r e f e r r e d   t h a t   t h e   p r o p o r t i o n   o f  

t h e   a l k y l   m e t h a c r y l a t e   i s   8 5  -   2 0  :   1 5  -   80  on  t h e   w e i g h t  

m e t h a c r y l i c   a c i d   a l k y l   e s t e r   i s   8 5 - 2 0  :   1 5 - 8 0   on  t h e   w e i g h t  

b a s i s .   The  r e a s o n   i s   t h a t   w i t h   t h e   a m o u n t   o f   t h e   c o n j u g a t e d  

d i e n e   r u b b e r   of   l e s s   t h a n   35%  by  w e i g h t ,   i t   i s   d i f f i c u l t  t o  



o b t a i n   t h e   d e s i r e d   i m p a c t   r e s i s t a n c e .   On  t h e   o t h e r   h a n d ,   i f  

t h e   a m o u n t   e x c e e d s   80%  by  w e i g h t ,   c o m p a t i b i l i t y   w i t h   p o l y v i n y l  

c h l o r i d e   r e s i n s   i s   i n a d e q u a t e   and  t h u s   i t   i s   d i f f i c u l t   t o   o b t a i n  

a  u n i f o r m   m o l d e d   p r o d u c t .   A  f u r t h e r   r e a s o n   i s   t h a t   w i t h  

t h e   a m o u n t   o f   t h e   c o n j u g a t e d   d i e n e   r u b b e r   in  e x c e s s ,   t h e   e f f e c t  

of  improved  h e a t   r e s i s t a n c e   i s   r e d u c e d .   E x a m p l e s   o f   t h e   c o n j u -  

g a t e d   d i e n e   r u b b e r   to   be  u s e d   in   s a i d   g r a f t   c o p o l y m e r   (B)  i n c l u d e  
a n d  

p o l y b u t a d i e n e ,   p o l y i s o p r e n e , / b u t a d i e n e  -   s t y r e n e   c o p o l y m e r s , w i t h -  

o u t   b e i n g   r e s t r i c t e d   t h e r e t o .   E x a m p l e s   of   t h e   m o n o v i n y l  

a r o m a t i c   c o m p o u n d   i n c l u d e ,   in   a d d i t i o n   to   s t y r e n e ,  @ - m e t h y l s t y -  

r e n e ,   c h l o r o s t y r e n e ,   and  t - b u t y l s t y r e n e .   E x a m p l e s   o f   t h e  

u n s a t u r a t e d   n i t r i l e   c o m p o u n d   i n c l u d e   a c r y l o n i t r i l e   as   w e l l   a s  

m e t h a c r y l o n i t r i l e .   E x a m p l e s   o f   t h e   a l k y l   m e t h a c r y l a t e  

i n c l u d e   m e t h y l   m e t h a c r y l a t e ,  e t h y l   m e t h a c r y l a t e .  

The  a b o v e - m e n t i o n e d   c o p o l y m e r   (A)  and  g r a f t   c o p o l y m e r   (B )  

may  p r e f e r a b l y   be  o b t a i n e d   by  e m u l s i o n   p o l y m e r i z a t i o n ,   b u t   t h e  

t y p e   o f   p o l y m e r i z a t i o n   i s   n o t   l i m i t e d   to   e m u l s i o n   p o l y m e r i z a t i o n .  

E m u l s i o n   p o l y m e r i z a t i o n   may  be  c a r r i e d   o u t   in   a  c o n v e n t i o n a l  

m a n n e r .   Fo r   e x a m p l e ,   t h e   a b o v e - m e n t i o n e d   m o n o m e r   m i x t u r e   m a y  

be  r e a c t e d   in   t h e   p r e s e n c e   o f   a  f r e e - r a d i c a l   i n i t i a t o r   in   a n  

a q u e o u s   d i s p e r s i o n .   As  t h e   f r e e - r a d i c a l   i n i t i a t o r ,   t h e r e   m a y  

be  m e n t i o n e d   p e r o x i d e s   s u c h   as   p o t a s s i u m   p e r s u l f a t e ,   a m m o n i u m  

p e r s u l f a t e ,   c u m e n e   h y d r o p e r o x i d e   e t c .   I n  a d d i t i o n ,   o t h e r   a d d i -  

t i v e s ,   e . g .   a  p o l y m e r i z a t i o n   c o - c a t a l y s t ,   a  c h a i n   t r a n s f e r  

a g e n t ,   an  e m u l s i f i e r  ,   .  w h i c h   h a v e   h e r e t o f o r e   b e e n   c o n -  

v e n t i o n a l l y   e m p l o y e d   in  e m u l s i o n   p o l y m e r i z a t i o n   may  be  a p p r o -  

p r i a t e l y   c h o s e n   and   u s e d .  



t h e   p r o d u c t s   m o l d e d   i n  
The  h e a t   r e s i s t a n c e   and  i m p a c t   r e s i s t a n c e   o r / t h e   c o m p o s i -  

t i o n s   a c c o r d i n g   to   t h i s   i n v e n t i o n   c a n   v a r y   d e p e n d i n g   n o t   o n l y  

on  t h e   c o m p o s i t i o n s   of   t h e   c o p o l y m e r   (A)  and  t h e   g r a f t   c o p o l y m e r  

(B)  r e s p e c t i v e l y   b u t   a l s o   on  t h e   m i x i n g   r a t i o   t h e r e o f , a s   w e l l  

as   t h e   m i x i n g   r a t i o   of   t h o s e   w i t h  t h e  p o l y v i n y l   c h l o r i d e   r e s i n .  

T h e r e f o r e ,   t h e   m i x i n g   r a t i o s   may  be  s e l e c t e d   a c c o r d i n g   to   t h e  

d e s i r e d   h e a t   r e s i s t a n c e   and   i m p a c t   r e s i s t a n c e  o f   the  molded  a r t i c l e s .  

Fo r   o b t a i n i n g   t h e   i n t e n d e d   h e a t   r e s i s t a n t   r e s i n   c o m p o s i -  

t i o n   a c c o r d i n g   to   t h i s   i n v e n t i o n ,   t h e   t o t a l   a m o u n t   of   t h e   c o -  

p o l y m e r   (A)  and   t h e   g r a f t   c o p o l y m e r   (B)  i s   s u i t a b l y   3 0  -   80. 

p a r t s   by  w e i g h t ,   m o r e   p r e f e r a b l y   3 0  -   70  p a r t s   by  w e i g h t ,   i n  

t h e   t o t a l   c o m p o s i t i o n   r e s u l t i n g   f r o m   t h e   i n c o r p o r a t i o n  .   t h e r e o f  

in   a  p o l y v i n y l   c h l o r i d e   r e s i n .   An  a m o u n t   o f   l e s s   t h a n  

30  p a r t s   by  w e i g h t   i s   i n a d e q u a t e   f o r   i m p r o v i n g  t h e   h e a t  

r e s i s t a n c e   o f   t h e   p o l y v i n y l   c h l o r i d e   r e s i n ,   w h i l e   w i t h   a n  

a m o u n t   of   m o r e   t h a n   80  p a r t s   by  w e i g h t ,   a l t h o u g h   s a t i s f a c t o r y  

h e a t   r e s i s t a n c e   i s   i m p a r t e d   t h e   w o r k i n g   t e m p e r a t u r e   b e c o m e s  

h i g h e r ,  w h i c h   i n d u c e s . c o l o r a t i o n   of   t h e   p o l y v i n y l   c h l o r i d e  

r e s i n   due   t o   h e a t .   T h i s   i s   n o t   d e s i r a b l e .   In  o r d e r   to   s u c c e s s -  

f u l l y   a c h i e v e   t h i s   i n v e n t i o n ,   t h e   m i x i n g   r a t i o   on  t h e   w e i g h t  

b a s i s   o f   t h e   c o p o l y m e r   (A)  and  t h e   g r a f t   c o p o l y m e r   (B)  i s  

p r e f e r a b l y   9 0 / 1 0  -   5 0 / 5 0 ,   more   p r e f e r a b l y   8 0 / 2 0  -   6 0 / 4 0 .   W h e r e  

t h e   c o p o l y m e r   e x c e e d s   90%  by  w e i g h t ,   t h e   i m p a c t   r e s i s t a n c e   i s  

l o w e r e d ,   a l t h o u g h   t h e   h e a t   r e s i s t a n c e   of   t h e   p o l y v i n y l   c h l o r i d e  

r e s i n   i s   e f f e c t i v e l y   i m p r o v e d .   On  t h e   o t h e r   h a n d ,   w i t h   a n  a m o u n t  

of   l e s s   t h a n   50%  by  w e i g h t ,   t h e   e f f e c t   of   i m p r o v i n g   t h e   h e a t  



r e s i s t a n c e   i s   s m a l l   and  on  t h e   o t h e r   h a n d   r e s u l t s   i n  a   g r e a t   r e -  
t e n s i l e   s t r e n g t h . /  

d u c t i o n   in   /  M i x i n g   of   t h e   c o p o l y m e r   (A)  and  t h e   g r a f t   c o p o l y m e r  

(B)  may  be  e f f e c t e d   in   a  c o n v e n t i o n a l   m a n n e r .  

When  t h e   c o m p o s i t i o n s   of   t h i s   i n v e n t i o n   a r e   s u b j e c t e d   t o  

w o r k i n g ,   c o m m o n l y   e m p l o y e d   h e a t   s t a b i l i z e r s ,   l u b r i c a n t s ,   p i g m e n t s ,  

f i l l e r s   e t c .   a r e   u s e d   as  r e q u i r e d .   S p e c i f i c a l l y  

a s   h e a t   s t a b i l i z e r   t h e r e   m a y  b e   e m p l o y e d ,   f o r   e x a m p l e ,  

o r g a n i c  t i n   b a s e d   s t a b i l i z e r s   s u c h   as   o r g a n i c   t i n   m a l e a t e s ,  

o r g a n i c   t i n   l a u r a t e s ,   o r g a n i c   t i n   m e r c a p t i d e s   e t c . ,   l e a d   s a l t  

b a s e d   s t a b i l i z e r s   s u c h   as   w h i t e   l e a d ,   t r i b a s i c   l e a d   s u l f a t e ,  

d i b a s i c   l e a d   p h o s p h i t e ,   d i b a s i c   l e a d   p h t h a l a t e ,   t r i b a s i c   l e a d  

m a l e a t e ,   l e a d   s i l i c a t e   and  i t s   s i l i c a   g e l   c o - p r e c i p i t a t e   e t c . ,  

o r   m e t a l   s o a p   s t a b i l i z e r s ,   e . g .   l e a d ,   c a d i u m ,   b a r i u m ,  

z i n c ,   c a l c i u m   s a l t s   o f   h i g h e r   f a t t y   a c i d s .   I t   i s   a l s o   p o s s i b l e  

t o   u s e ,   in   c o m b i n a t i o n   w i t h   t h e   a b o v e ,   e p o x y   c o m p o u n d s   s u c h   a s  

e p o x y l a t e d   s o y b e a n   o i l ,   e p o x y l a t e d   l i n s e e d   o i l ,   and   o r g a n i c  
a n d  

p h o s p h i t e   c o m p o u n d s   s u c h   as   t r i p h e n y l   p h o s p h i t e /   t r i n o n y l p h e n y l  

p h o s p h i t e .   As  l u b r i c a n t ,   t h e r e   may  be  e m p l o y e d   s a t u r a t e d  

f a t t y   a c i d s   s u c h   as   s t e a r i c   a c i d ,  p a l m i t i c   a c i d   and  e s t e r  

c o m p o u n d s   t h e r e o f ,   n a t u r a l   w a x e s .  s u c h   as  c a r n a u b a   wax ,   c a n d e l i l l a  

w a x ,   s y n t h e s i z e d   w a x e s   s u c h   as  e t h y l e n e   b i s s t e a r y l a m i d e ,  

p o l y e t h y l e n e   o x i d e ,   l ow  m o l e c u l a r   w e i g h t   p o l y e t h y l e n e  ,   o r  

l i q u i d   p a r a f f i n .  F u r t h e r   as   f i l l e r s ,   c a l c i u m   c a r b o n a t e ,  

c l a y ,   s i l i c a ,   t a l c ,   c a r b o n   b l a c k   e t c .   as  w e l l   as   f l a m e   r e t a r d e r s  

s u c h   as   a n t i m o n y   t r i o x i d e ,   m e t a s t a n n i c   a c i d   e t c .   may  be  a d d e d  

as   r e q u i r e d .   S t i l l   f u r t h e r ,  i t   i s   a l s o   p o s s i b l e  



to   u s e   a  s m a l l   a m o u n t   of   a  p l a s t i c i z e r   s u c h   a s  p h t h a l i c   a c i d  

e s t e r s ,   a d i p i c   a c i d   e s t e r s ,   s e b a c i c   a c i d   e s t e r s ,   p h o s p h o r i c  

a c i d   e s t e r s   o r   p o l y e s t e r s .  

T h i s   i n v e n t i o n   i s . m o r e   p a r t i c u l a r l y   d e s c r i b e d   by  t h e   f o l l o w -  

i n g   e x a m p l e s ,   in   w h i c h   a l l   t h e   " p a r t s "   mean  " p a r t s   by  w e i g h t " .  

E x a m p l e s   and  C o m p a r a t i v e   E x a m p l e s  

1)  P r o d u c t i o n   of   C o p o l y m e r s   (A)  . 

The  f o l l o w i n g   m a t e r i a l s   w e r e   c h a r g e d   i n t o   a  r e a c t o r   e q u i p p e d  

w i t h   a  s t i r r e r .  

A f t e r   f l u s h i n g   w i t h   p u r i f i e d   n i t r o g e n   and   s u b s e q u e n t  

h e a t i n g   w i t h   s t i r r i n g   a t   60°C  i n   a  n i t r o g e n   s t r e a m ,   t h e  

m o n o m e r   m i x t u r e   (I)   i n d i c a t e d   in   T a b l e   1  was  c h a r g e d .   A f t e r  

f u l l y   e m u l s i f y i n g   and  m i x i n g   t h e   s y s t e m ,   t h e   m o n o m e r   m i x t u r e  

( I I )   i n d i c a t e d   in   T a b l e   1  was  c o n t i n u o u s l y   a d d e d   d r o p w i s e .  

O n   c o m p l e t i o n   o f   t h i s   a d d i t i o n ,   s t i r r i n g   was  f u r t h e r   c o n t i n u e d  

a t   6 0 ° C ,   and   t h e   p o l y m e r i z a t i o n   was  t e r m i n a t e d .   The  l a t e x   i n  

t h e   c o u r s e   of   t h e   r e a c t i o n   was  t a k e n  a s   s a m p l e s ,   and   t h e   c o m p o -  

s i t i o n   was  a n a l y z e d   and  t h e   c o n v e r s i o n   t o   p o l y m e r   m e a s u r e d .  

The  p e r c e n t  c o n v e r s i o n   to   p o l y m e r   o f   t h e   t h u s   o b t a i n -  

ed  c o p o l y m e r   and  i t s   c o m p o s i t i o n   in  t h e   c o u r s e   of   t h e   r e a c t i o n  

a r e   g i v e n   in  T a b l e   1.  T h e  c o p o l y m e r s   of   t h i s   i n v e n t i o n ,   as   t h o s e  



i n d i c a t e d   by  A-1  to  A-6  i n   T a b l e   1,  c o n t a i n   t h e r e i n  a   c o p o l y m e r  

c o n t a i n i n g   82%  by  w e i g h t   more   o f   @ - m e t h y l s t y r e n e .   On  t h e   o t h e r  

h a n d ,   t h e   c a s e   w h e r e   t h e   a m o u n t   of   @ - m e t h y l s t y r e n e   to   be  c h a r g e d  

f i r s t   was   95  p a r t s   by  w e i g h t   was  g i v e n   as   C o m p a r a t i v e   E x a m p l e  

A - 7 ,   i n   w h i c h   t h e   c o n v e r s i o n   t o   p o l y m e r   d r o p p e d   r e m a r k a b l y  

and   t h e r e f o r e   f u r t h e r   i n v e s t i g a t i o n   was  s t o p p e d .   I n  

t h e   r e s t   o f   t h e   c o m p a r a t i v e   e x a m p l e s ,   p o l y m e r i z a t i o n   was  e f f e c t -  

ed  e i t h e r   by  c h a r g i n g   60  p a r t s   by  w e i g h t   o f   @ - m e t h y l s t y r e n e  

f i r s t   or   c o n t i n u o u s l y   a d d i n g   d r o p w i s e   a  u n i f o r m   m i x t u r e   o f  @ -  

m e t h y l s t y r e n e   and  a c r y l o n i t r i l e  f r o m   t h e   s t a r t .   In  e i t h e r   c a s e ,  

i t   was  d i f f i c u l t   to   make  t h e   @ - m e t h y l s t y r e n e   c o n t e n t   82%  b y  

w e i g h t   or   h i g h e r   e v e n   l o c a l l y ,   and   i t   was  b e l i e v e d   t h a t   a  1 :   1  

a l t e r n a t i v e   c o p o l y m e r   o f   @ - m e t h y l s t y r e n e  -   a c r y l o n i t r i l e   o r  

@ - m e t h y l s t y r e n e  -   m e t h y l   m e t h a c r y l a t e   c o m p r i s e d   t h e   g r e a t e r  

p a r t .  





2)  P r o d u c t i o n   of   G r a f t   C o p o l y m e r s   (B) 

The  f o l l o w i n g   m a t e r i a l s   w e r e   c h a r g e d   i n t o   a  r e a c t o r   e q u i p p e d  

w i t h   a  s t i r r e r .  

A f t e r   f l u s h i n g   w i t h   p u r i f i e d   n i t r o g e n   and   s u b s e q u e n t  

h e a t i n g   w i t h   s t i r r i n g   a t   60°C  i n   a  n i t r o g e n   s t r e a m ,   40  p a r t s  

of   t h e   f o l l o w i n g   m o n o m e r   m i x t u r e   was  c o n t i n u o u s l y   a d d e d  

d r o p w i s e   t o g e t h e r   w i t h   0 . 3   p a r t   o f   c u m e n e   h y d r o p e r o x i d e .   On  

c o m p l e t i o n   o f   t h e   a d d i t i o n ,   s t i r r i n g   was  f u r t h e r   c o n t i n u e d  

a t   60°C  and   t h e n   t h e   p o l y m e r i z a t i o n   was  t e r m i n a t e d .  

B - 1 :   12  p a r t s   of   a c r y l o n i t i r l e   and  28  p a r t s   o f   s t y r e n e  

B - 2 :   5  p a r t s   of   a c r y l o n i t r i l e ,   10  p a r t s   of   m e t h y l   m e t h -  

a c r y l a t e   and  25  p a r t s   of   s t y r e n e  

3)  P r o d u c t i o n   of   T h e r m o p l a s t i c   R e s i n   C o m p o s i t i o n s  

The  c o p o l y m e r   (A)  and   g r a f t   c o p o l y m e r   (B)  p r o d u c e d   as   d e s c -  

r i b e d   a b o v e   w e r e   m i x e d   t o g e t h e r   in  t h e   l a t e x   f o r m   in  a  s o l i d s  

w e i g h t   r a t i o   o f   75 :   25 ,   and  t h i s   m i x e d   l a t e x   w a s ,   a f t e r   a d d i n g  

an  a n t i o x i d a n t ,   c o a g u l a t e d   w i t h   c a l c i u m   c h l o r i d e ,   w a s h e d   w i t h  

w a t e r ,   f i l t e r e d   o u t   and  d r i e d   to   o b t a i n   a  p o w d e r   c o m p o s i t i o n   ( C ) .  

E x a m p l e   1  

S i x t y   g r a m s   o f   t h e   t h u s   o b t a i n e d   m i x e d   c o m p o s i t i o n   (C)  o f  

t h e   c o p o l y m e r   (A)  and   t h e   g r a f t   c o p o l y m e r   (B)  and  4 0  g  o f   p o l y v i n y l  

c h l o r i d e   ( K a n e v i n y l   S - 1 0 0 1 ,   p r o d u c e d   by  K a n e g a f u c h i   C h e m i c a l )  



t o g e t h e r   w i t h   1  g  of   d i o c t y l t i n   m a l e a t e ,   1  g  o f   d i o c t y l t i n  

m e r c a p t i d e   and  0 .3   g  of   a  low  m o l e c u l a r   w e i g h t   p o l y e t h y l e n e  

w e r e   k n e a d e d   on  a  r o l l   m i l l   h e a t e d   to   1 8 5 ° C   f o r   8  m i n u t e s .  

The  s h e e t   t r e a t e d   on  t h e   r o l l   m i l l   was  p r e s s e d   a t   1 9 0 ° C   a n d  

1 0 0  k g / c m 2   f o r   15  m i n u t e s .   The  p h y s i c a l   p r o p e r t i e s   o f   t h e  

p r o d u c t   a r e   shown  in  T a b l e   2 .  

As  e v i d e n t   f r o m   T a b l e   2,  E x a m p l e s   C-1  to   C-6  e x h i b i t  

e x c e l l e n t   m e c h a n i c a l   p r o p e r t i e s ,   i n t e r   a l i a ,   h i g h   h e a t  

d i s t o r t i o n   t e m p e r a t u r e   and  i m p a c t   s t r e n g t h .   T h o s e   u s i n g   t h e  

c o p o l y m e r s   A - 8 ,   9  and  10  r e s p e c t i v e l y   as  t h e   C o m p a r a t i v e  

E x a m p l e s   a r e   p o o r   in  h e a t   r e s i s t a n c e .   T h a t   u s i n g   A-8  s h o w s  

s i g n i f i c a n t   c o l o r a t i o n .  





E x a m p l e   2 

S i m i l a r l y   as  in  E x a m p l e   1,  t h e   c o m p o s i t i o n   a c c o r d i n g  

t o   t h e   E x a m p l e   C1  and  p o l y v i n y l   c h l o r i d e   r e s i n ,   b o t h  

in   v a r i o u s   a m o u n t s   as  i n d i c a t e d   in   T a b l e   3,  w e r e   m i x e d  

and   t r e a t e d   t o g e t h e r   w i t h   1  g  of   d i o c t y l t i n   m a l e a t ,   1  g  
of   d i o c t y l t i n   m e r c a p t i d e   and   0 . 3   g  of   a  low  m o l e c u l a r  

w e i g h t   p o l y e t h y l e n e   to   o b t a i n   v a r i o u s   c o m p o s i t i o n s ,   w h o s e  

p r o p e r t i e s   w e r e   m e a s u r e d .  

From  t h e s e   r e s u l t s   i t   can   be  s e e n   t h a t   t h e   c o m p o s i -  

t i o n s   of   t h i s   i n v e n t i o n   (C-23   t o   C - 2 8 ) a r e   e x c e l l e n t   b o t h  

in   i m p a c t   s t r e n g t h   and  in   h e a t   r e s i s t a n c e .  





E x a m p l e   3 

S i x t y   g r a m s   of   e a c h   of  m i x t u r e s   of   t h e   c o p o l y m e r s   (A)  a n d  

(B)  m i x e d   in   v a r i o u s   r a t i o s   i n d i c a t e d   in  T a b l e   4  and  40  g  o f  

p o l y v i n y l   c h l o r i d e   r e s i n   w e r e   p r o c e s s e d   s i m i l a r l y   as   i n  

E x a m p l e   1  t o   p r e p a r e   t e s t   s p e c i m e n s .  

As  c a n   b e  s e e n   f r o m   t h e   v a l u e s   of   t h e   p h y s i c a l   p r o p e r t i e s ,  

E x a m p l e s   D - 2  t o   D-5  in  w h i c h   t h e   m i x i n g   r a t i o s   of   t h e   c o p o l y m e r s  

(A)  and   (B)  a r e   in   t h e   r a n g e   e s t a b l i s h e d   by  t h i s   i n v e n t i o n   h a v e  

h i g h   h e a t   d i s t o r t i o n   t e m p e r a t u r e   and   i m p a c t   s t r e n g t h .   W h e r e   t o o  

m u c h   of   t h e   g r a f t   c o p o l y m e r   (B)  i s   p r e s e n t ,   t h e   h e a t   d i s -  

t o r t i o n   t e m p e r a t u r e   c a n n o t   be  i m p r o v e d   e f f e c t i v e l y  a n d   a l s o  

i m p a c t   s t r e n g t h   i s   r e d u c e d .   On  t h e   o t h e r   h a n d ,   in   t h e   r a n g e  

w h e r e   t h e   g r a f t   c o p o l y m e r   i s   l e s s   t h a n   10  p a r t s ,   i t   s e e m s   t h e r e  

i s   a l m o s t   no  i m p a c t   s t r e n g t h .  



1.  A  t h e r m o p l a s t i c   r e s i n   c o m p o s i t i o n   w h i c h   c o m p r i s e s  

2 0  -   70  p a r t s   by  w e i g h t   o f   a  p o l y v i n y l   c h l o r i d e   r e s i n   a n d  

8 0  -   30  p a r t s   by  w e i g h t   of   a  m i x e d   c o m p o s i t i o n   of   t h e   f o l l o w -  

ing   c o p o l y m e r s   (A)  and  (B)  in   t h e   f o l l o w i n g   m i x i n g   r a t i o :  

(A)  9 0  -   50%  by  w e i g h t   of   a  c o p o l y m e r   w h i c h   c o m p r i s e s  

6 5  -   90  p a r t s   by  w e i g h t   o f  @ - m e t h y l s t y r e n e   w i t h   3 5  -   1 0  

p a r t s   by  w e i g h t   of   a c r y l o n i t r i l e   and  0  -   5  p a r t s   by  w e i g h t  

o f   a t   l e a s t   one   c o p o l y m e r i z a b l e   v i n y l   m o n o m e r   and   c o n t a i n s  

30  p a r t s   by  w e i g h t   o r   m o r e   of   a  c o m p o n e n t   h a v i n g   a n  

@ - m e t h y l s t y r e n e   c o n t e n t   o f   82%  by  w e i g h t   o r   h i g h e r ;   a n d  

(B)  1 0  -   50%  by  w e i g h t   o f  a   g r a f t   c o p o l y m e r   o b t a i n e d   b y  

r e a c t i n g  3 5  -  8 0 %   by  w e i g h t   of   a  c o n j u g a t e d   d i e n e   r u b b e r  

a n d  6 5  -   20%  by  w e i g h t   o f   a  m o n o m e r   o r   m o n o m e r s  

c o m p r i s i n g   an  a r o m a t i c   m o n o v i n y l   c o m p o u n d ,   an  u n s a t u r a t e d  

n i t r i l e   c o m p o u n d   or   an  a l k y l   m e t h a c r y l a t e .  
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